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FILTEREIJEMENTS AIsfDFILTERiaSIG MEra 

/ This application claims priority of United States Application No. 60/ 1 5 5, 1 3.8, which 
'was filed on "September 22, 1 999 and is incorpp^^ - . . -\ ^- . 

Background nf the Tnventinn ' 

. This invention relates to a filter el enient containing a functional drainage/layer and to 
a filtering method employing a functionial drainage layer. . . . . - ' 
• ^ Filter elements frequently include a drainage layer disposed on one or both of the ' 
upstream and downstream sides of a filter layer of liie filter element; A drainage layer can 
enhance the performance of a filt«: element by maintaining a space for fluid flow along a 
surface of a filter layer so that as much of the area af the filter layer as possible can be - 
effectively used for fiifratioh/ Depen^ 

physically support a filter layer to enable the filter layer to resist forces acting pn the filter 
layer maintaining the ihtegrity and §hape of the filter layer, particularly when the filter layer is 
made of a very thin material/ A fluid parsing through a conventional filter element typkally 
undergoes substantially no modification while within a drainage layer, substantially all 
modification of the flxiid taking place as the fluid passes through the filter layer. Since a 
drainage layer may occupy a significant portion of the volume of a filter element, if no 
modification takes place in the drainage layer, much of the voliune of the filter elenient may 
be under utilized. . • . \ 

. RnmmaTy af thft Tnvftntmn ' " 

The present invention provides a filter element comprising with a drainage layer 
which can treat a fluid passing through it while providing drainage or physical support for a 
filter layer of the filter element. A drainage layer which treat a fluid passing through it will be 
referred to as a functional drainage layer. 

The present invention also provides various methods of filtering fluids with a filter 
element having a fiinctional drainage- layer. 

A filter element according to the present invention includes a filter layer for filtering a 
fluid and a functional drainage layer containing a functioriail material capable of providing 
drainage for the filter layer and of treating the fluid as the fluid p^isses through the functional 
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drainage layer. The fiulctional drainage layer may be disposed on an.upstr6am and/or a 
downstream side of the filter layer. . 

A method of iising a filter elerhent .aceording to the present invention comprises 
passing a fluid through a functional drainage layer containing a functional material and 
through a filter layer. The fluid is^filtered as it passes through the filter layer^ and it is treated 
• by the functional material as it passes through the functional drainage layer. 

A filter element a<:cprding to the present invention can be used to process a wide 
variety of fluids, including gases, liquids, and multi-phase combinations, such as mixtures of 
gases and liquids, and it can be employed to perform a ivide variety 6f filtering processes, ; 
such ?is removal of particles firom a fluid (particle filtration), sepziration of one or more, 
substances firom a fluid,, coalescing, transfer of dissolved substanceis between two. fluids, and 
concentfatiori' of a process fluid, all of which will be collectively referred to as filtration. 
Particles .which may be removed fi-om a fluid when, the filter element is used for particle 
filtration may range in size from coarse particles (generally defined as particles measuring 
^.pproximately 0. Tiiun in diameter and above) ddvvn to particles and/or substances in tiie 
ionic range (generally defined as partitles measuring approximately iO'^ to approximately 10'. 
^ mm in diameter). Thus^ among the types of particle filtration which the filter element may 
be iised to perform are coarse particle filtration, fine particle 
ultrafiltration, nanofiltratiqU) and reverse' osmosis. . 

ThjB treatment of fluid perfornaed by the furicti^^ 
than mechanical separation, producing some change in the characteristics of the fluid passing 
through it. Substantially all mechanical separation, e.g.^ removal of particles firom the fluid, 
is preferably performed by the.filter layer of the filter element,, with the functional drainage 
layer performing a different type of treatment, such as one involving a sorptive, chemical 
and/or catalytic process. 

Filter elements embodying the present invention may be disposable elements which 
are intended to be discarded when they become loaded v^th particles or otherwise reach their 
capacity for filtering. Filter elements embodying the invention may also be reusable elements 
which can be cleaned or otherwise regenerated to restore their filtering ability, either while 
still installed in a housing or after! being removed therefrom, to enable the filter elements to be 
reused. 

A filter element embodying the present invention provides a drainage layer for treating 
a fluid flowing tiirough. it while providing drainSige for a filter layer of the filter element, 
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. thereby increasing the efficiency with, which, the volume of the.filtex eleinent is utilized. 

• Although the present invention will be described with respect to a number of preferred 
. embodiments, the present invention is not limited to the specific structures of thosfe • • ' 
embodiments. For example, one or more features of one embodiment may be.freely 
combined with dne or niore features of anpfher embodiment without departing from the- scope 
. of the .present inveintion. .. 

Rriftf Dft'^Griprioh of the HraWingc ' ^ [. 

- Figures 1-4 are transverse cross-secfional views of portions of various cohfigiirations 
of pleated filter elements according to the present invention. ; / 

: Figure 5 is a Uansverse .cross-sectiond view of a configu^ ofa spirally wound 
.fflter eleinent.according to the present invent^^ . ; 

.Figure 6 iis ^schematic isometric view ofa configuration embodiment of a filter / 
elemeiit according to the present invention comprising a pliir^ity of stacked layers: 

' Figure 7 is a vertical cross-sectiorial view of an example ofa segment filter . • 
arrangement according to the present mvention. . . 

Descriiptinn of PrefprreH FTrihnrlimpi>if<s . . ' '- • 

A filter element aiccording to the present mventipn pfeferaibly includes at least one 
filter layer containing a fiiterihedium capal>le of filtering a fluid passing through it, and at 
least one functional drainage layer disposed pi:oximate,.e.g., opposite, a surface of the filter 
layer to provide drainage for tihe filter layer and to treat a fluid passiiig throujgh it by at least 
one. method other than mechanical separation of solids . • 

The filter element can have any desired configuration, suehiany of those tised for 
cpnventipnal filter elements, with or without^ drainage layer. A few examples of suitabk 
• configura-tions are a pleated configuration, a spirally wound configuration, a stacked layer 
arrangement, or a segment filter ^angemeht. Flow through the filter element can be in a 
variety of directions, such as generally radially between a center and an exterior of the filter 
element, in a lengthwise direction of the filter element, in a spiral direction, or in a 
combination of directioiis. the filter elenient may be used to perform dead end fi^^ 
vvhich all of a . process fluid being filtered passes through the filter layer, or it may be used to 
perform, cross flow filtration in which oxdy aportion of the process fluid passes through the 
filter layer as the process fluid passes aio.ng tiie surface 6^ 
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. The. filter layer can be in a variety of forms, depending on the inten'ded type of 
- filtration and the characteristics of fluid being filtered, including but not limited to a mass of 
' fibers, fibrous mats, woven or non-woven fibrous sheets, porous meitibranes such as", 
supported or unsupported mi croporous membranes, porous foams* and porous metals or 
ceramics. The filter, layer may have. only a single layer or it may coinprise a plurality .of 
layers, each layer having the same or different properties. The material of Avhich the filter 
layer is formed is also not restricted. Tor example, it pari be made of natural or synthetic 
polymers, metals,.9nd ceramics. Ih many preferred embodiments, the iSlter layer may have a 
femovaJ ratiiig of about 75fi, or less, preferably less than about 25|i, more preferablj^ less thin 
about i Sji. For example, tEe removal rating of the filter layer may be in. the range from aboirt 
3\x to about 1 Sp... The filter layer may alternatively have a removal rating of less than about 

Since one pxijpose of the functional drainage layer is to provide drainage for the filter 
layer, it preferably has a lower resistance to edgewise. flo\y (flow through the functional 
draunage layer in a direction parallel to its stxrface>thant^^ For example, the 

edgewise flow resistance of the functional drainage layer may be less than about 50%, 
pifeferably, less than about 20% and more preferably less than about f 0%, Of the; edjgiewise 
. flow resistaixceofthe filter layer. The fimctional drainage layer is preferably much 
coarse thati the filter layer. For.e^cample/the functional drainage layer xnay be sufficiently 
porous so as to perform substantially no removal of particles fironi the process fluid, with 
substantially all particle reinoval, if occurring in the filter elerhent, being performed by the 
filter layer. However, it is ?dso possible for the fuiictional drainage layer to perform some 
particle removal. ■ . ; \ . 

The functional drainage layer also contains a functional material capable of 
performing a.function to treat a fluid passing through it. The functional material may be in a 
variety of forms, such as in the form of functional particles of a variety of sizes and shapes 
disposed on the surface of and/or, more preferably, within the drainage layer. Alternatively or 
additionally, the functional naaterial may be in the form of functional fibers which are made 
of a fimctional material or have been treated to make them functional, or a tiiin layer of 
functional material Avhich may be deposited, e:g., coated, on or .within a porous substrate, 
such sas a fibrous sheet 

The functional material is pi-eferably an integral part of the functional drainage layer. 
For example, the functional material may be bonded to, coated on. immobilized in, and/or 
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formed, as the functional draiiiage layer.. By providing the functional material as an integral 
.. part of the functional drainage layers the functional material resists separation from the 

drainage layer as fluids flow through the functional drainage layer. Preferably, the functional 

material is included substantidly throughout the functi In many . ' 

enibodiments, the functional material may be included substantially uiiiforfnally .throughout 

the fuiictional drainage material. Alternatively^ the functional material naay be included non- * 

uilLfdrmaUy throughout the fimctional drm^ ' * . 

.The functional drainage layer may have only a single layer or it may comprise a * 
. plurality, of layers, each layer havirig the sanie or different properties. Given the Variety of 
. forms Ayhich the functional material M functional drainage layer may take, the 

functional drainage layer ^an have a wide Variety of structures. . A.few examples are as / 

fblloWs: . 

. (a) a woven or hon-woven fibrous sheet of any type of fibers in whiich or on which 

fimctional particles or fimctional fibers a^^ . * 

(1)) a woven Or non-woven fibrous sheet made en^^ 

(c) a woven or non-woveh, e.g., e^ctruded, mesh comprising strands of any type of 
material in which or on which fimctiohal particles or functional fibers are immobiKzejl; 

(d) a woven or non-woven, e.g!, extruded, mesh made entirely or in pit of functioiial 
fibers; ' " • ' 

(e) a porous opai-celled foam cbnfauning functional particles or fimctiottal fibers; 

(f) a laminated stmctiire, e.g., including two or more nohwoven, woveio^ or mesh 
layers pressed arid/or bonded together where at least one of the layers includes the functional 
material and/or where the functional material is sandwiched between the layers; and 

. (g) a porous sheet of bonded particles, e.g., sinter bonded or resin bonded particles, of 
functional material. ' . • . 

Functional drainage laiyers comprising fibrous sheets, and especially non-woven . • 
sheets, in which or on which particles or fibers of functional material are integrated are 
particularly suitable because they can .be readily manufactured so as to. have desired properties 
such as a desired thickness, porosity, qr functional. particle size and can be made of a variety . 
of iinaterials. Examples of drainage layers are disclosed in United States Patent No. 5,543,047 
which is incorporated by reference.. . 

Methods of manufacturing porous functional sheets of this stmctiu-e are well known in 
the art and these sheets may. be used, in accordance witii the present invention, as functional 
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drainage layers. Porous functional sheets are described, for example^ in US!. Patent No. 
3,971,373 entitled "Particle-Loaded Microfiber Sheet Product And Respirators Made ' 
Therefrom", U.S. Patent No. 5,505,746 entitled "Fibrous Structures Containiilg Particulate 
, And Including Microfiber Web", U.S. Patent No. 5,674,33 9 entitled "Process For Fibrous 
' Structure Containing linmobiliz^^ Particulate. Matter",. and U.S. Patent Np. 5,8»5,696 entitled 
"Patterned Fibrous Web", Which are incorporated by reference. One example of a; 
commercially available product which can be effectively used in the present invention as. this 
type of functional drainage layer is sold by AQF Technologies LLC of Charlotte, North 
■ Caroliiia. • • ■ • \ ' ' ' . , 

The functional drainage layer can perform a yariety of functions in treating the fluid, 
.including removal of one or more substances &6m a fluid stream by processes such as 
adspiption;. chemical reaction^ or amalgamation, modification of onejor more substances in a 
• fluid stream by chenaical reaction, catalysis, or other process Ayithout removing the substances 
from tiie fluid stream^ or delivery of a substance into the fluid.stream by physical or chemical 
action of the functional material in the functional drainage layer. A few examples of possible . 
functional materials for performing one or more of these fimctions^m^^ carbon, 
silica, zeolite, niolecular sieves, clay^ alumina^ sodium bicarbonate, ion exchange-iesins; ' 
catalytic agents, mefal oxides, oxidizing agents, reducing agents, biocidal ^ents, fungicidal, 
agents, virucidal agents, air freshening agents, and perfimurig agents. Thus, tiie functional . 
materials may be sorbents, reactants, catalysts, or any other suitable ^e. of material, A feiy 
Specific examples pf functions which the functional drainage layef might perform are as 
follows': . • 

(a) . the removal of copper and/or cobalt from coolant water for power plants using a 
functional material such as that available under the trade designation Purolitie S?50.in a 
furictionail drainage layer; 

' . (b) the removal of acid from oils or other liquids using an ion exchange re^in such as 
that available under the trade designation Purdlite Al 03 in a functional drainage layer; . ■ 

(c) the removal of odors from cabin air in ah aircraft using a functional material such 
as activated carbon in a functional drainage layer; 

(d) the removal of Cu or other ions froni aircraft fiiel xising a functional material such 
as that available under the trade designation Purolite S950 in a functional drainage layer; and 
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(e) the separation of proteins from biological or pharmaceutical fluids or other liquids 
using a functional material such as any of a wide/variety of affmity sorbentsin a fimctional 
drainage? layer. ' . ' - 

The" amount \offiinctional material which may be integrated vyith the functional : 
drainage layer depends on factors such as the desired treatment of the fluid and the. desiried ' 
edge flow resistance of the functional drainage layer.. Increasing the amount of functional 
tnaterial integrated with the functional drainage layer increases the effectiveness and/or 
efficiency with which the functional material treats .tiie fluid flowing through the functional, 
drainage layer. However, it may ^Iso increase the edgewise flpw resistanqe of the functional 
drainage layer and, therefore, decrease the ability of the functional drainage iayer to 
effectively distribute or drain fliiid to or from the filter layer. Generally, the amount of 
fimctional-material integrated with the functional drainage layer is preferably as large as 
desired to trea,t the fliiid \vhile stili.pro\ading adequate drainage to the filter layer. 

Where the fimctipnal material is in the form of particles, e.g., powder or fiber, the 
nominal size of the particles, may depend on such factors as the desired treatrnent of the fluid, 
the desired edge flow fesistaiice of the functional drainage layer, and the desired spacing 
between filter layer surfaces. Decreasing the nominal size of the particles may increase tiie . . 
. effectiveness and/or efficiency of the treatment but may also increase the edgewise flow . 
resistance of the drainage layer.. Further, larger particles cian ^ct as spacers which 6mction to 
separate surfaces of the filter layer, for example, in pleated filter elements, thereby . , 
augmenting the drainage properties of the functional drainage layer. 

In many preferred embodiments, the functional drainage layer comprises a fibrous, 
e.g., nonwoven'sh^et having particles of functional material integrated within the sheet, e,g., 
by bonding the: fibers of the fibrous sheet to the particles of functional material, 
Ahematively,.the functional dtairiage layer may comprise two fibrous, e.g., nonwoven, sheets 
and functional material sandwiched between them. For many applications the amount of 
functional material may be in the range from about 50 grams/m^ or less to about 1000 
grams/m^ or more, more preferably from about 1 00 grams/m^ to about 500 gramsW. The 
nominal size of the paiticjes of functional materia may be in the range from about ^50i to 
about 1/8 inch. For many functional drainage layers thh thickness of the drainage layer is 
preferably in the range from abput 10 mils to about 125 mils and, more preferably, in the 
range from about 15 mils to about 50 mils, and the nominal size of the particles of fimctipnal 
material is preferably in thie range from about 1 0% to about 1 00%, more preferably, from 
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about 10% to about 75%, and, even more preferably, froih about 20% to about 60%, . of the 
thictoess of the functional drainage layer. . 

The functional drainage layer may be on either the upstream or downstreani side of 
the filter layer of functional drainage layers may be on both sides of the filter layer. If 
functional drainage layers are on both sides of the filter layen the two functional drainage • 
layers may be similar or dissimilar ai^d perform the s^ different functions fipm each 
other. A single functional drainage layer may be employed on one side of a filter layer, or a 
plurality of functional drainage layers rnay be used in combination on the same side pf the 
•filter layer: 

In many cases, the functional dra^ 
layer, except to the extent that fibers in the two layers may beconie enmeshed with each other. 
However, depending upon the stmcture of the functional drainage layer and the filter layer, 
they may be joined to each other by bonding, for example, to. enable them to be handled as a 
single unit The functional drainage layer may but need not immediately adjacent to the filter 
layer. For example, an intervening layer, -such as a cushioning layer or a different type of 
drainage layer, may be disposed between the functional drainage layer and the filter layer. .; 

Each functional drainage layer may ^xtend over all or a portion of the area 6f a side of 
the iMter layer. For ease of mahufectinre, it iis frequenfly convenient if the functional dfainage 
layer and the filter layer are coextensive, but alternatively, there may be regions of the filter . 
layer along which no functional drainage layer is preseiit, or a functional drainage layer may 
be installed oil part of the area of a surface of the filter layer, and a different type of drainage' 
layer may be installed on tiie. remainder of the area of that surface. Alternatively, a functional 
drainiage layer may include regions which include a functional niaterial and regions which do 
• not include any functional material. 

The flow characteristics (such as the edgewise flow resistance) of the functional 
drainage layer can be selected in the same nianner as they would be for the case of a. 
conventional drainage layer based, for example, on characteristics such as the^esired flow 
rate and/or flow distribution through the filter element and the desired pressure drop. . . 

The direction of fluid flow through the functiprial drainage layer will depend upon the 
configuration of the filter element In preferred embodiments of the invention, floy/ through a 
substantial portion, e,g., niore than about 40%, of the functional drainage layer is preferably 
primarily in the edgewise direction of the functional drainage layer between the interior and 
exterior surfaces of the functional drainage layen For example, when the pleats of a filter 
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. element are pressed against one another over a substantial portion or substantially all of the 
height' of each pleat, e.g., over about 40%, -50%, 75%. 95%. or even 100% of the height of the 
pleat: fluid flow in the functional drainage layer may be primarily in the edgewise direction 
• over iiiuch or. all of the area of the functional drainage layer. In contrast, in preferred 
embodiments, flow through the filter layer is primarily in its thickness direction rather than io 
its edgewise direction oyer most of its arei. . . . . . ; 

For example, in a cylindrical filter element used for dead-end filtration fluid flow may 
be directed generally radially inside-out^ where inner layers are upstreani of oiiter layers, or 
Qiitside-in, where, outer -layers, are upstream of inner layers. Fluid may enter an upstr^tn 
fiiAPtional drainage layer, for example, at the roots (or crests) of the pleats! The fluid then 
passes edgewise through! the. upstream jfonctioiial drainage layer and is distributed by the 
-functional drainage layer along most or, preferably, stibstantially all of the upstream surface 
of the filter layer, even those regions of the pleat most remote firom . the roots (or Crests) of the 
pleats. From the upstteam surface of the filter layeri the fluid passes in the thicloiess direction 
through the filter layer to the downstream surface of the filter layer From the downstream 
surface of the filter layer, the fluid inay enter a dowiistreatn functional drainage layer. The 
fluid is then drained firpni most or, preferably, substantially all of downstream suijfoce of Ac 
filter layer by passing edgewise through.the downstream functional drainage layer to flie . • 
crests (or roots) of the pleats, whore it exits the filter element As the fluid passes through the 
functional drainage layers), it is treated by tiie fhnctional material intiegrated with the 
fimctional drainage layer. As the flviid passes through the filter layer, it is filtered. . ' ; 

The useful lifespan of the fimctional drainage layer vwU d(^end iq>pn various factors, 
such as the nature of the functional material, the ambuntand surfece area of die functional 
material, and ithe flow rate through the functional drainage layer. To ihaximize efficiency, the 
.functional drainage layer may be.ariranged to have a service life similar to that of the .filter 
layer. For example, the functional drainage layer may be arranged so that the funciiorial " 
material becomes depleted at substantially the same time th^t the filter layer becomes loaded 
with particles so as to require its replacement. 

In addition to a filter layer and one or more functional drainage layers, a filter element 
embodying the present invention can include any of the components which can be employed 
in conventional filter elements, such as end cap§, drainage layers which do not include a 
functional material, cushioning layers, reinforcing member? such as an internal core or an ■ 
external cage, an external wrap tneniber. a support plafe,.seals such as O-ring seals aad/or 
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connectors for connecting two or more filter elements in series. If a functional drainage layer 
is disposed on the downstream side of a fitter Jayer, it may^be desirable to dispose a final filter 
layer on the downstream side of the functional drainajge layer to capture any. fiuictionid 
material which may conie loose from the functional drainage layer and prevent the fimctioilal 
material from travelling downstream .fro?n the filtier element. . Such a final filter layer. need 
only be fine enough to stop the functional material and can generally be more porous than the 
mainfilfer layer Of the filter element. 

As rhentioned above, a filter elernefii eniploying afunctional drainage layer can have 
configurations siinijar to those used for conventional filter elements. In general, a functional 
drainage layer can he substituted for a conventional drainage layer. So manufacturing 
techniques applicable to a conventional filter element can be employed for a filter eleipent 
having one or more fiinctional drainage layers. Figures 1-7 illiistrate a few exam^ples of 
various possible configurations.' ' . :. • . ' 

Figure 1 illustrates a trans verse cross section, of an example of a configuration in the . • 
fonnof a cylindrical filter element havmg axially extending pleats, i.e.. pleats having a length 
extending generally in the axial direction of the filter element. The pleats are formed of a 
pleated naulti^ayer composite, which in the preseiit example is a three-layer, comiposite of an 
umer drainage layei: 10, an outer drainage layer 1 U and a filt^ layer 12 sandwiched bet\yeen. . 
and directly contacting the two draiimge layers 10, 11 : One oj both of the drains^e layers 10, 
11 is a functional drainage layer of any of the types described, above. The pleated composite 
njay be arranged in a cylindrical form and may be disposed between an innex perforated core 
13 and an outer perforated cage 14 witii the pleats directed radially <5utward fi-om tiie core 14. 
The roots arid legs 6f the pleats are shoAvri pressed against each other fiom tiie radially inner 
portion of the pleats along, a substantial portion, e.g.; atjOiit 40% or more, of the height of the 
pleats. The crests and the outer portions of the legs may be spaced from one another. . 

In a dead-end mode of operation, a process fluid may flow substantially radially 
tiirough the filter elemeiit (either radially inwardly or outwardly).. The fluid flows edgewise " 
through the.upstream drainage layer along substantially all of the upstiream surface of the . 
filter layer 12. The fluid is then filteired as it flows in the thickness direction through the filter 
layer 12 of the composite. The fluid then" flows fi-om the downstream sur&ce of the filter 
lay» 12 edgewise along the downstream drainage layer. As the fluid flows through the 
drainage layers 1 0 and 1 1 , it is treated by the functional material present in oiie or both of the 
drainage layers. One or both lengthwise ends of the-filter element will typically be open to 
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enable fluid to be ihtroduced intp or removed from the core 13. Instead of flov/ing generaUy 
radially through the filter element, fluid may instead flo^y through the filter element in the • 
axial direction. thereof, e.g., in a cross flpw.mode of operation, edgewise in either the radially 
inner or radially outer drainage layers. • : 

Figiu-es 2-4 illustrate examples of configurations of cylindricalfilter elements * 
embodying the present invention which have.axially ejf fending pleats but in which adjoining 
legs of the pleats contact each other over substantially all of the height of the legs around at 
least a portion of the circumference of the filter element. Having adjoining legs of the pleats 
contact each other over substantially all of their height reduces the amoxmt of imused space 
within a filter element,. so it enables the surface area of a filter layer in a filter element of a 
given size to be significantly increased. It also provides ^lore tmiform iflow conditions over 
the height of the legs compared to a configuration such as that shown in Figure 1, resulting in 
an increase' in the dirt, capacity and/or service life of the -filter element, Furthemiore, contact 
between adjoining legs of the pleats restrains the pleats fironi shifting during operation of the 
filter element, resulting in le^s wear on the pleats and a longer life for the filter element! In 
preferred embodiments iii which adjoining leges contact each other over substantially jdl of 
the height of the pleats, the contact is over a continuous region in the height direction 
extending for at least about 50% of the height, still more preferably for at least 75% of the 
height, aiid yet inore preferably for at least 95% of the height. The continuous region may 
also extend in ah axial direction of the filter element, such as preferably for at least 
approkimately 50%, more preiferably for at least approximately 75%, and still more preferably 
for apprpxinmtely 95-100% of the axial length of the filter 

Many different configurations in which adjoining legs of pleats contact each other 
over subst^uitially all of their height are possible. Figure 2 is a transverse cross-sectional view 
illustrating an.exaniple of a configuration in which pleats df a filter element are in a state in * 
which the pleats extend in an arcuate or angled fashion or in a straight, non-radial direction 
such that the radially outer portions of the pleats are displaced in the cirqumferential direction 
of the filter element with respect to the radially inner portions of the pleats around .at least a 
portion of the circumference, and more preferably around substantially the entire . ' 
circumference of the filter elenient .until adjoining legs pf the pleats contact each other on 
both the radially inner and outer sides pf the pleats. . When the pleats .are shaped m this 
manner, each pleat has a height which, is greater than (D-d)/2 and less than (D^-d^)/[4(d4-2t)] . 
where D and d are the outer and inner diameters at the. crests and ro6ts pf the pleated filter 
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element and t is the effective thickness of a pleat leg. The pleats can be retained in this state - 
by a retaining member surrounding the pleats, such as an external cage, a wrap member; a 
tube, a flexible sleeve, strings, or bands. Spme examples of methods of making a filter . 
element with pleats of this type are described in U.S. Patent No. 5,543,047. In Figure 2^ the 
pleats may be formed from a composite including* a- filter layer 20 sandwiched between two 
drainage layers 21 and 22, at least one of the drainage layers being a functional draijdage layer, 
as in Figure 1. As ifi Figure 1, the pleats may be disposed between reinforciiig members, sucK. 
as a perforated core 23. along the.inrier periphery of the pleats and a perforated cage 24 . . 
disposed aloiig the outer periphery of the pleats. 

-In one possible dead end nfiode of operation of the filter element of Figure 2, a process 
fluid flows substantially radially through the filter element (either radially inwardly or 
outwardly) in a maimer similar to that described with respect to the filter element of Figxire 1 ; 
In another possible, cross flow mode of operation, a process fluid flows in substantially tlxe. 
lengthwise direction of the filter element within one of the drainage layers 21 and 22. Some 
examples of many possible flow paths for a filter elefnent iiaving a configuration like that 
shown in Figure 2 are deiscribed in United States Patent Application Number 60/099,663 
entitled "Flvdd Treatment-Element And Fluid Treatment Method", which is incorporated by 
reference. A process and/or permeate fluid flowing through the filter element of Figure 2 
passes edgewise throu^ the drainage layers 21 and 22 and in the thickness direction through 
the filter layer 21 . Fluid is filtered as it passes through the filter layer 21, and fluid is treated 
by a functional material as the fluid passes through One or both of the drainage layers 21 and 
22. . . . / . " 

. Figure 3 is a transverse cross section illustrating another example of a configuration of 
a hollow cylindrical pleated filter element in which the adjacent legs of pleats are made to 
contact each, other oyer substantially all of the heijght of the legs by inserting wedges 33 or 
other members between the pleats at intervals around the filter element. The wedges 33 
compress the pleats in a circumferential direction of the filter element so as to eliminate 
spaces between adjacent legs without producing any substantial bending or leaning of the . 
pleats in the circumferential direction of the filter element. Such a filter element is described, 
for example, in U.S. Paterit No. 4,154,688 entitled "Collapse-Resistant Corrugated Filter 
Element". As m the preceding exaniples, the illustrated pleate 

.composite including an irmer dradnage ^ayer 30, an outer drainage layer 3 1 , and a filter layer 
32 sandwiched between the drainage layers, with at least one of the drainage layers 30 and 3 1 
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being a functional drainage layer. If desired, the filter element may include reinforcing 
itiembers such as a^perforated cylindrical core" 34 6n the inner periphery and a perforated 

♦ cylindrical cage 35 on the outer periphery of the pleats. , . • * ' . ' . 

• As is the case with the filter- elements of Figures 1 [and 2; fluid may flo.vvr through tlie • 
filter element of Figure d alpng a variety of p'aths. For example, fluid may flow substantially 
radially tiirough the filter/element between the exterior of the filter element and the interior of 

• the cor^. 34, or it niay. flow through the drainage layers 30 and 3 1 substantially in a lengthwise 
direction of the filter element. Fluid flows edgewise through the drainage layers 30 and 31 

. and in the thickness directlofa through the filter layer. Fluid is filtered as it passes through the 
' filter layer 32, arid it is treated by a functional material present in one or:both of the drainage . 
. layers 30 and 3 1 as it passes? through the drainage layers. 

^ Pleated configurations' of a filter element according to the present invention are also 
possible which are not cylindrical oi: hollow. Figure 4 illustrates an example of a 
configuration of a filter elemient with a . generally block-like overall shape and including a ' - 
plurality of pleats, each pleat extending generally parallel to the 6thdr pleats in .generally a 
strai^t line. ' The illustrated pleats may be formed firom sl tbree-layfer composite af a first ' 
drainage layer 40, a second drainage layer 41, ahd.a filter layer 42 sandwiched between the 
drainage layers, S^ath at least dhe of the drainage laiyers 40 and 41 beiiig a fimctidnal drainage 
layer. The pleats are shown witii each lejg of each pleat contacting an adjoining leg over a / 
substantial portion, preferably substantially all* of its heigbt Frequently, the pleats v^U be 
disposed in a housing 43 such as a firame or other stnicttire^w^ 

filtefed along a desired path through the filter element Fluid Is shown by arrows in the figure 
flowing in a dead end: mode through the filter element in a direction isubstantially parallel to 
the height direction of the legs of the pleats, but fluid may flow iaa different direction, such : ' 

. as normal to the jplane of the figure, for example^ in a cross flow mo<ie. As an example, in 
Figure 4, a process fluid to lbe filtered can enter the filter element by flowing into the first 
drainage layer 40 on the upstream side of the" filter element (the lower side in Figure 4) 
edgewise through the upstream drainage layer 40 along substantially the entire upstream 
surface of the filter layer 42. The process fluid then flows from the first drainage layer 40 in 
the thickness, direction thrdu^ the. filter layer 42 into the second drainage layer 4L The ' ' 
filtered process fluid tiieft flows edgewise through the second dtaihag^ layer ,41 to the 

' downstream side of the filter element. As the' fluid flows through the filter layer 42, it is 
filtered. As the fluid flows through the drainage layers 40 and 41; it is modified by a 
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functional. material present in one or both of the drainage layers. Any portions of the first 
drainage layer 40 extending to the downstream side of the filter element may be sealed off in' 
any suitable manner to prevent unfiltered fluid from being discharged fi-om the downstream 
side of the filter element. iFor example, a bonding agent 4< a sealing member, or welding can 
be employed to seiai off the. end surfisces of the fostdrmnage; layer 40^ ■ 

Fijgures 5-7 illustrate examples of qonfigurations of non^pleated .fi^^ 
embodying to the present invention. Figure 5 shows a transverse cross section of an.example 
of a cylindncd spiral- wound filter element compfrising a multilayer composite sp^ 
. wrapped around a center of the filter.;element. The center of the filter element may be hollow 
or solid, depending upon the intended flow .path of fluid through the filter element.. The 
iilustrated composite may include a first drainage layer $0, a second drainage layer 51, a filter 
layer 52 sandwiched between the drainage layers, and a separating layer 53 which adjoins the 
second drainage layer 51 and separates the two drainage layers 50 and 51 fi'om each other to 
prevent unfiltered fluid from flowing between the two drainage layers. The sepaijifirig layer 
53 can be either permeable or impermeable to fluid as long as it can prevent the ftee flow Of 
unfiltered fluid betWeen the drainage . layers. At least one of the drainage .layers.50 and 51 is a 
functional draiiiage layer, The composite is shown wn^ed ai^und a hollow, pc^ 
pylindri<^ core 54 through wWch flifid can be introduc?^ 

client A retaining member/ such as a cage br a wrap member, nay be disposed around the 
outer .periphery of the composite or &e composite may be Joined to itself along its outer : 
periphery to prevent if fi-om unwf^ping. . Fluid can flow through the fiher element a,long a 
variety of path?, such ed^exwse as along a; spiral path through the drmnage layers, or edgewise 
along a path through the drainage layers norinal to the plane of thp figure in the axial direction 
of the.filter element. In one possible flow path, commonly eiriployed-in spiral filter elements, 
a process fluid is introduced into the filter element via an unillustrated tube inserted iiito a 
space 55 near the radially outer periphery of the filter element. From the space 55, the 
process fluid enters the second drainage layer 5 1,. spreading edgewise within the second 
drainage layer 5 1 over the length Of the filter element and at the same time flo^vihg spirally, 
within the second drainage l^er 51 towards the center of the filter element. From the second 
drainage layer 5 1 , the process fluid flows in the thickness direction substantially radially 
through the filter layer 52, is filtered as it does so, and then flows into the first drainage layer 
56. . Within the first diiainage layer 50, the filtered fliiid flows edgewise spirally towards the 
center of the filter element and then into the perforated cpre 54 for removal fi-om the filter 
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elerneht. Process fluid may also flow in the opposite direelioh. being introduced into th^ core 
. 54 andlpeing removed from the space, 5 5 at the outer periphery of the filter elemeiit. As the ' 
fluid flows through the drainage layers 5.0 and 51, it.is treated by a functional material present 
in ond or both of the drainage layers in a manner determined by the character of the functional 
material. ■ ' \ / , . ' : 

Figiirfe 6 illustrates an example of a configuration of a filter element according to the 
. present invention comprising a plurality of flat sheets stacked atop each other; The stack 
includes, a plurality of flat filter layers 60, each sandwiched between first and second drainage 
layers 61 and 62, the first drainage layers 61 and/pr the second drairiage. layers 62 bemg. 
ftinctional drainage layers. Th^ stacked layers 60-:62 may be disposed in a housing 63 , a 
firame, or other strubtore which c 

through, the filter element. Each of the first drainage layers 61 is sealed in a suitable maimer, 
such as by a bonding a:gent 64, a sealing member, or welding on the downstream side of the 
filter element to prevent the iiischaf ge of unfiltered process fluid from it but is open on the . 
upstream side of the filter element to enable process fluid to ent^r it. Each of th^ second 
drainage layers 62 is sealed on the upstream side of the filter element in a similar manner to 
prevent the entry of process fluid land is.open oa &e downstream side of the filter element to 
enable filtered fluid to be discharged fcotn 

. In one possible naode of opreratioh, a process fluid-to be filtered is, introduced into the 
filtfer element fi-om the rijghthand side in Figure 6. Since the upstream ends (the right ends in 
Figure 6) of the second drainage layers 62 are sesded, the process .fluid flows into the first 
drainage layers 61 and then in the edgevrise directipn of the firat drainage layers 61 towards 
the downstream side of the. filter eleirient. From flie first drainage layers 61, -the process fluid 
flpws. through die filter layers 60 adjoining the first drainage layers 61 to be filtered and then 
into the second drainage layers 62. Filtered process fluid then flows within the second " 
drainage layers 62 in the edgewise direction thereof to be discharged from the filter element • 
through the downstream ends (the left ends in Figure 6) of the second, drainage layers 62. As 
process fluid, flows through the drainage layers 61, 62, it is treated by the functional material 
present therein; / 

Figure 7 is a vertical cross-sectionai view of another example of a possible 
configuration df a filter element according to the present invention. This corifigiiration is 
. sometimes referred tq as a segment arrangement and typically includes a plurality of thin, 
generally flat filter element^ 70 stacked atop each other along a common axis: The individual 
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elernents 70.may have any peripheral shape but are typically annular, for Uniformity of flow. 
Each of the iliustrated elements 70 includes an aimular support niember.71, a filter layer 73 
disposed on one or both surfaces of the support member 71, and a drainage layer 74 . disposed 
bety/een the support member 7 1 and at least of the filter layers 73 , with at least one of the 
drainage layers 74 being a functional drainage layer:. TheSsuppprt member 71 may have a . 
completely flat surface, but frequently it has a,stmcture which enables flov/ within or along 
the surface beneath the drainage layier 74. For example, in the present example; each support 
member 71 is ain annular disc liaving a plurality of elongated grooves 72 extending ftorn ah 
ojpening at the center of the disc towards the outer periphery of the disc . A rigid toesh or a • 
porous member may isdso be used as a support menaber. Each filter element 70 may include 
bxibs 75> fQtmed separ^^tely from- or as part of the support member 7 1 , for creating a gap 
between the surface^s of the filter la jers 73 on adjoining elements 70. In the present 
embodmient, each of thfir filter layers 73 and the drainage layers 74 is a disc-shaped member 
which is seal^ed to the support member 71 along its outer periphery and to one of the hubs 75 
along its inner periphery by bonding, welding, a sealing member, or other manner to prevent 
. unfiltered fluid from bypassing the filter layers 73. While a single filter element 70 can be 
used by itself, frequently a plurality of elements . 70 are used in combination. The filter . 
elements 70 may be stacked atop each other aroiind. a perforated core 76, ifor example^ 
through which fluid can be introduced into or renipved from the filter elements 70, 
Alternatively, a core 76 can be omitted, and the inner perijpheries of the support members 71 
and the hubs 75 can define a conduit for fluid. The elements 70 may be sealed to flie core 76 
and/pr to.each other to prevent fluid from flowing through, gaps between the elemeiits 70 or 
between the elements 70 and the core 76. In a typical mode of operation, a fluid to be filtered 
flows from the outside of the filter elements, 70 through each filter layer 73 to be filt^ed^d 
intp the adjoining dtainage layer 74, fld^ys. through the djrainage layer 74 into thC: grdoyes 72 . 
in the support member 71, then flows within the grooves 72 tovyards the center of the support 
plate 71, and then fl.ows through the perforations in- the core 75 into the interior thereof The 
filtered fluid can then flow, ialong the interior of the core 75 for collection or removal from the 
assembly. As the filtered fluid flows through the drainage layer 74, it is treated by a 
.fimctional material in the drainage, layer 74. Since the grooves 72 . in a support member 71 
occupy only a portion of the surface of the support member 71, there is typically significant 
edgewise flow of fluid, through the drainage layers 74 along the surface of the.support 
member 7l before the fluid reaches the grooves 72 in^the support member 71. 

: ' .16- 
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Various aspects.of the invention have b 
.embodiments. However, the invention is not limited to these enibodiments. For example, 
orie or more of the features of any of these embodiments may;be combined with one or more 
; of the features, of the other embodiments without departing from the scope pf the invention. ■ • 
: Fiirther. one or more of the features of any of these embodiments may be modified or ofxiitted 
withoxit departing from the scope of the invention. ..Accordingly, the various aspects pf the • 
invention include any and all methods and elements encompassed witliin the spirit and scope . 
of the invention as defined by the foUov^ng claims. 
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■What is claimed is: ■ • , 

1 . A filter element comprising a pleated composite including a filter layer having; first 
and second sides, and a first functional drainage layer disposed prpxiraate the first side'of the 
filter layer, the first flmctibnal drainage layer comprising a flinctional materijal and having a 
lower edgewise floAv resistmce than the filter layer. 

2. A filter element as claimed in claim 1 wherein the composite has a plurality of 
pleats, each having first and second legs, , the first leg contacting the second leg of the sam6 
pleat and the second leg of an adjacent pleat over a sub^tantid portion of the height of the- 
fixst'leg. . • 

... 3. A filter element as claimed in any preceding claim wherein the first fimctional 
drainage layer has an .edgev/ise flow resistance at most approximately 50% that of the filter 
layer. ; ' . 

4. A filter element as claimed in any preceding claim wherein the first leg contacts 
the- second leg of ihe same pleat and the second leg of an adjoining, pleat over a substantially 
continuous region extending for a substantial portion of the height of the first leg and oVer at 
least fifty percent of m axid length pf the filtCT 

. 5. A filter element as claimed in any preceding claim wherein the jpleated composite, 
includes a second functional drainage laye?r disposed on the second side of the filter layer and 
comprising a functipnsd' material and haying a lower edgewise flow resistance than the filter 
layer. " 

• . 6. A filter element as clairried in any preceding claim wherein the firsit functional 
drainage layer comprises a porous fibrous sheet containing the fimctional material.. . 

7. . A filter element as claimed in any preceding claim wherein the first functionkl 
drainage.layer contacts the filter layer. . , i 

8. A filter element as claimed in preceding claim wherein the filter element is . 

• ' .18- . . ' ' ' • \ 
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. . cylindrical. . 

9. A filter element as claimed in ariy preceding claim wherein a plurality of the pleats 
each have a radially outer end displaced in a circiimferenUal direction of th^ 
5 with respectto a radially, inner end of the pl^^ • ■ ' . 

.10. A.filter element as claimed in ariy preceding . claim 
substantially parallel to . each othen . \ ,/ 

10 11.. A filter element compnsing a composite of a filter ^^^^ 

comprising a fiinctional material and having a lower edgewise flow resistance than the fdter 
layer, the composite being spirally wrapped arqiind a hollow center of the filter, element. . 

« f .12. A filter element comprising: ' ' / • . . - ' 

15 V a composite offirst and second drainage layers arid a filter 1^^ 

between the drainage layers^ at least one; of the drainage, layers comprising a functional 
materiaU each drainage layer having a lower edgewise flow resistance than the filter layer, the 
\ . composite beiiig spirally vvnrappedi^^ 

20 13. A filter element as claimed in claim 12 wherein both, dr?^^ 

functional material: - . . . » 

1 4. A filter element as clainied in any preceding claini wherein a drainage layer 
. xpmprises a fibtous sheet in which particles of the functional material' are integrated. 

25 ' ' • ' .. . ;•'.* .' ^ . • 

15. A filter element comprising: . • ^. . . , • 

' ' ' . a support plate; * . ' • . 

" "■ ^- a filter layer disposed On the support plate; and 

• a drainage layer having a lower edgewise flow resistance than the filter layer . 
io disposed between the filter layer and the support plate and comprising a.functional material. 

1 6. A filter element as clainied in claim 15 wherein the suppoit plate has an opening 
. throu^ which fluid cari.flo.%y between opposite surfaces of the plate. . ' • . 
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1 7. A filter element as claimed in claim 1 5 or 1 6 wherein the support. plate is annular 
and an opening is at a radial center of the support plate. 

1 8 . A filter element comprising a plurality of filter layers, a plurality of first drainage 
layers, and a plurality of second drainage layers, each of the. filter layers being saiidwidked 
between one of the firist drainage layers and one of the second drainage layers, each of "the 
drainage layers haying a lovy^er edgewise flow resistance than the filter layers, a plurality of 
the drainage layers comprismg a functional material. , . 

19. A filter element as claimed in claim 1 8 wherein the first drainage layerij are sealed 
off oh an upstream side of the filter element iahd the second drainage layers are sealed off on a 
downstream side of the filter element . • - , . • • 



15 20. A filter element as claimed iii claim 18 Or 19 wherein e^ch of the drainage layers ' 

compirises a functional material. 

21 • A filter element as clainied in any of claims 1 8-20 wherein each of the filter 
;. layers and each-of the; drmnageiayers is substa^^ 

22. A method of treating a fluid comprising: • 

passing a fluid through a filter layer and edgewise through a ^ 
drainage layer on a first side of the filter layer of a pleated filter composite to filter the fluid in 
the filter layer and treat thb fluid with a.fiinctiohal material in the functional drainage layer 

23. A method as claimed in claim 22 including passirig fluid, through, a second 
drainage layer disposed on a second side of the filter layer. ' . 

24. A method as claimed in claim 22 or 23 including passing the fluid in an axial 
30 . direction of the filter elenient between opposite lengthwise ends there^ 

25. A method bs claimed in claim 22 or 23 including passing the fluid primarily in an 
. axial direction of the filter element through the first ftmptional drainage layer. . 

-20; : ■■ . " • 
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26. A metHod as claimed in .claim-22 or 23 inqluding passing the fluid through the 
first functional -drainage layer primarily along a height direction of the. pleats. ' , * \ \ - 

27/ A method as claimed in any, of claims 22-26 ^yhe^ein the filter element is 
cylindrical.. • . . . , . 

28. A rnethod as claimed in any of claims 22-27 wherein the pleats are parallel to 
eachother. 

29. A method of treating d fluid comprising: 

passing a flxiid in an edgewise direction within a first drainage layer- disposed 
on a first side of a filter layer, then passingthe fluid through tlie filter layer to filterthe fluid, 
and passing the fluid in an edgewise direction within a second drainage layer on a second 'side 
of the filter layer, at least one of the drainage layers containing a functional material wiuch. 
treats lie fluid passing through i^ . 
resistence than the filter layer, ... : 

30. A method of treating .a fluid comprising: ■ 
, -.Posing a fluidth^^ 

fluid and througji a functionai drainage layer disposed bfetween the filter layer and the support 
member and containiiig a functional material to treat tiie fluid with the functional, material. 

3 1 . A method as claimed in claiiii 3 0 including passing the fluid through the filter 
layer before passing the fluid through the functionail drainage layer! 

32. A method as claimed in claim 30 Wherein die support member comprises an 
annular plate having an opening at a center thereof, the method iricluding passing the fluid 
through the drainage layer in a radial direction of the plate. • . 
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